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SHORT DETECTION CIRCUIT AND 
DISPLAY DEVICE INCLUDING THE SAME 

CROSS - REFERENCE TO RELATED 
APPLICATION ( S ) 

[ 0001 ] This application claims priority under 35 USC 
$ 119 to Korean Patent Application No . 10 - 2016 - 0020939 , 
filed on Feb . 23 , 2016 in the Korean Intellectual Property 
Office ( KIPO ) , the contents of which are incorporated herein 
in its entirety by reference . 

BACKGROUND 
[ 0002 ] 1 . Technical Field 
[ 0003 ] Example embodiments relate generally to a display 
device . More particularly , embodiments of the present 
inventive concept relate to a short detection circuit capable 
of detecting an electrical short due to particles that exist in 
a display device and a display device including the short 
detection circuit . 
[ 0004 ] 2 . Description of the Related Art 
[ 0005 ] Generally , a display device has a function that 
prevents an additional damage caused by a crack of a display 
panel and / or a damage of an internal circuit by monitoring 
the crack of the display panel and / or the damage of the 
internal circuit and by shutting down at least one of the 
display panel , a driving integrated circuit , and a power 
supply circuit when the crack of the display panel and / or the 
damage of the internal circuit are detected . To perform the 
function , the display device usually monitors voltages out 
put from the power supply circuit ( e . g . , a DC - DC converter , 
etc ) and / or voltages output from the driving integrated 
circuit . However , since an electrical short due to particles 
that exist in the display device generally occurs between 
lines transferring the same or similar voltages , a conven 
tional short detection method cannot detect the electrical 
short due to the particles when a voltage change of the lines 
is relatively small . For example , when an initialization 
voltage VINT is - 3 . 5V ( volts ) and a low power voltage 
ELVSS is between – 3V and - 3 . 5V in an organic light 
emitting display device , the initialization voltage VINT and 
the low power voltage ELVSS are not changed significantly 
when the electrical short due to the particles occurs between 
an initialization voltage line transferring the initialization 
voltage VINT and a low power voltage line transferring the 
low power voltage ELVSS . In other words , it is difficult for 
the conventional short detection method to detect the elec 
trical short due to the particles , and thus the electrical short 
due to the particles may result in the additional damage of 
the display device . 

than a normal state voltage of a short detection target voltage 
by a predetermined adjustment voltage based on the refer 
ence voltage , a voltage comparator configured to generate a 
comparison result voltage by comparing the short detection 
target voltage with the comparison voltage , and a short 
detector configured to determine whether a target line trans 
ferring the short detection target voltage is electrically 
shorted based on the comparison result voltage . 
[ 0009 ] In example embodiments , the reference voltage 
generator may be implemented by a buck - boost converter , 
and the buck - boost converter may generate the reference 
voltage by stepping down or up the power voltage . 
[ 0010 ] In example embodiments , the power voltage may 
be a panel power voltage or a logic power voltage . 
[ 0011 ] In example embodiments , the comparison voltage 
generator may generate the comparison voltage by perform 
ing voltage - division on the reference voltage using a plu 
rality of variable resistors . 
[ 0012 ] In example embodiments , the voltage comparator 
may be implemented by an operational amplifier , the short 
detection target voltage may be input into a positive terminal 
of the operational amplifier , the comparison voltage may be 
input into a negative terminal of the operational amplifier , 
and the comparison result voltage may be output by an 
output terminal of the operational amplifier . 
[ 0013 ] In example embodiments , the short detector may 
output a first monitoring signal indicating that the target line 
is not electrically shorted in response to determining that the 
comparison result voltage is within a predetermined voltage 
range . In addition , the short detector may output a second 
monitoring signal indicating that the target line is electri 
cally shorted in response to determining that the comparison 
result voltage is outside the voltage range . 
[ 0014 ] According to another aspect of example embodi 
ments , a short detection circuit may include a comparison 
voltage generator configured to generate a comparison volt 
age that is higher or lower than a normal state voltage of a 
short detection target voltage by a predetermined adjustment 
voltage based on a power voltage , a voltage comparator 
configured to generate a comparison result voltage by com 
paring the short detection target voltage with the comparison 
voltage , and a short detector configured to determine 
whether a target line transferring the short detection target 
voltage is electrically shorted based on the comparison result 
voltage . 
[ 0015 ] . In example embodiments , the comparison voltage 
generator may generate the comparison voltage by perform 
ing voltage - division on the power voltage using a plurality 
of variable resistors . 
[ 0016 ] In example embodiments , the voltage comparator 
may be implemented by an operational amplifier , the short 
detection target voltage may be input into a positive terminal 
of the operational amplifier , the comparison voltage may be 
input into a negative terminal of the operational amplifier , 
and the comparison result voltage may be output by an 
output terminal of the operational amplifier . 
[ 0017 In example embodiments , the short detector may 
output a first monitoring signal indicating that the target line 
is not electrically shorted in response to determining that the 
comparison result voltage is within a predetermined voltage 
range . In addition , the short detector may output a second 
monitoring signal indicating that the target line is electri 
cally shorted in response to determining that the comparison 
result voltage is outside the voltage range . 

SUMMARY 
[ 0006 ] Some example embodiments provide a short detec 
tion circuit that can accurately detect an electrical short due 
to particles that exist in a display device . 
[ 0007 ] Some example embodiments provide a display 
device that can prevent an additional damage caused by an 
electrical short due to particles that exist in the display 
device by including the short detection circuit . 
[ 0008 ] According to an aspect of example embodiments , a 
short detection circuit may include a reference voltage 
generator configured to generate a reference voltage based 
on a power voltage , a comparison voltage generator config 
ured to generate a comparison voltage that is higher or lower 
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[ 0026 ] In example embodiments , the voltage comparator 
may be implemented by an operational amplifier , the short 
detection target voltage may be input into a positive terminal 
of the operational amplifier , the comparison voltage may be 
input into a negative terminal of the operational amplifier , 
and the comparison result voltage may be output by an 
output terminal of the operational amplifier . 
[ 0027 ] In example embodiments , the short detector may 
output a first monitoring signal indicating that the target line 
is not electrically shorted in response to determining that the 
comparison result voltage is within a predetermined voltage 
range . In addition , the short detector may output a second 
monitoring signal indicating that the target line is electri 
cally shorted in response to determining that the comparison 
result voltage is outside the voltage range . 
[ 0028 ] Therefore , a short detection circuit according to 
example embodiments may accurately detect an electrical 
short due to particles that exist in a display device by 
generating a comparison voltage that is higher or lower than 
a normal state voltage of a short detection target voltage by 
a predetermined adjustment voltage and by comparing the 
short detection target voltage with the comparison voltage to 
determine whether a target line transferring the short detec 
tion target voltage is electrically shorted . 
[ 0029 ] In addition , a display device including the short 
detection circuit according to example embodiments may 
prevent an additional damage caused by the electrical short 
due to the particles by shutting down at least one of a display 
panel , a driving integrated circuit , and a power supply circuit 
when the electrical short due to the particles is detected . 

[ 0018 ] According to an aspect of example embodiments , a 
display device may include a display panel including a 
plurality of pixel circuits , a driving integrated circuit con 
figured to drive the display panel , a power supply circuit 
configured to generate a short detection target voltage and a 
power voltage supplied to the display panel and the driving 
integrated circuit , and a short detection circuit configured to 
determine whether a target line transferring the short detec 
tion target voltage is electrically shorted and to shut down at 
least one selected from the display panel , the driving inte 
grated circuit , and the power supply circuit when the target 
line is determined to be electrically shorted . 
[ 0019 ] In example embodiments , the short detection cir 
cuit may include a reference voltage generator configured to 
generate a reference voltage based on the power voltage , a 
comparison voltage generator configured to generate a com 
parison voltage that is higher or lower than a normal state 
voltage of the short detection target voltage by a predeter 
mined adjustment voltage based on the reference voltage , a 
voltage comparator configured to generate a comparison 
result voltage by comparing the short detection target volt 
age with the comparison voltage , and a short detector 
configured to determine whether the target line is electrically 
shorted based on the comparison result voltage . 
[ 0020 ] In example embodiments , the power voltage may 
be a panel power voltage or a logic power voltage . In 
addition , the reference voltage generator may be imple 
mented by a buck - boost converter , and the buck - boost 
converter may generate the reference voltage by stepping 
down or up the power voltage . 
[ 0021 ] In example embodiments , the comparison voltage 
generator may generate the comparison voltage by perform 
ing voltage - division on the reference voltage using a plu 
rality of variable resistors . 
[ 0022 ] In example embodiments , the voltage comparator 
may be implemented by an operational amplifier , the short 
detection target voltage may be input into a positive terminal 
of the operational amplifier , the comparison voltage may be 
input into a negative terminal of the operational amplifier , 
and the comparison result voltage may be output by an 
output terminal of the operational amplifier . 
[ 0023 ] In example embodiments , the short detector may 
output a first monitoring signal indicating that the target line 
is not electrically shorted in response to determining that the 
comparison result voltage is within a predetermined voltage 
range . In addition , the short detector may output a second 
monitoring signal indicating that the target line is electri 
cally shorted in response to determining that the comparison 
result voltage is outside the voltage range . 
[ 0024 ] In example embodiments , the short detection cir 
cuit may include a comparison voltage generator configured 
to generate a comparison voltage that is higher or lower than 
a normal state voltage of the short detection target voltage by 
a predetermined adjustment voltage based on the power 
voltage , a voltage comparator configured to generate a 
comparison result voltage by comparing the short detection 
target voltage with the comparison voltage , and a short 
detector configured to determine whether the target line is 
electrically shorted based on the comparison result voltage . 
[ 0025 ] In example embodiments , the comparison voltage 
generator may generate the comparison voltage by perform 
ing voltage - division on the power voltage using a plurality 
of variable resistors . 

BRIEF DESCRIPTION OF THE DRAWINGS 
( 0030 ) Illustrative , non - limiting example embodiments 
will be more clearly understood from the following detailed 
description taken in conjunction with the accompanying 
drawings . 
[ 0031 ] FIG . 1 is a block diagram illustrating a short 
detection circuit according to example embodiments . 
[ 0032 ] FIG . 2 is a diagram illustrating an example of a 
comparison voltage generator included in the short detection 
circuit of FIG . 1 . 
[ 0033 ] FIG . 3 is a diagram illustrating an example of a 
voltage comparator included in the short detection circuit of 
FIG . 1 . 
[ 0034 ] FIG . 4 is a diagram illustrating an example in 
which the short detection circuit of FIG . 1 determines 
whether an electrical short due to particles occurs . 
[ 0035 ] FIG . 5 is a block diagram illustrating a short 
detection circuit according to example embodiments . 
[ 0036 ] FIG . 6 is a block diagram illustrating a display 
device according to example embodiments . 
[ 0037 ] FIG . 7 is a flowchart illustrating a process in which 
the display device of FIG . 6 prevents an additional damage 
caused by an electrical short due to particles . 
[ 0038 ] FIG . 8 is a flowchart illustrating a process in which 
the display device of FIG . 6 detects an electrical short due 
to particles . 
[ 0039 ] FIG . 9 is a flowchart illustrating a process in which 
the display device of FIG . 6 determines whether an electrical 
short due to particles occurs . 
[ 0040 ] FIG . 10 is a block diagram illustrating an electronic 
device according to example embodiments . 
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[ 0041 ] FIG . 11 is a diagram illustrating an example in 
which the electronic device of FIG . 10 is implemented as a 
television . 
[ 0042 ] FIG . 12 is a diagram illustrating an example in 
which the electronic device of FIG . 10 is implemented as a 
smart phone . 

DETAILED DESCRIPTION OF THE 
EMBODIMENTS 

[ 0043 ] Hereinafter , the present invention will be explained 
in detail with reference to the accompanying drawings . 
00441 FIG . 1 is a block diagram illustrating a short 

detection circuit according to example embodiments . FIG . 2 
is a diagram illustrating an example of a comparison voltage 
generator included in the short detection circuit of FIG . 1 . 
FIG . 3 is a diagram illustrating an example of a voltage 
comparator included in the short detection circuit of FIG . 1 . 
FIG . 4 is a diagram illustrating an example in which the 
short detection circuit of FIG . 1 determines whether an 
electrical short due to particles occurs . 
[ 0045 ] Referring to FIGS . 1 through 4 , the short detection 
circuit 100 may include a reference voltage generator 120 , 
a comparison voltage generator 140 , a voltage comparator 
160 , and a short detector 180 . The short detection circuit 100 
may determine whether a target line transferring a short 
detection target voltage VTAR is electrically shorted and 
may shut down at least one of a display panel , a driving 
integrated circuit , and a power supply circuit included in a 
display device when it is determined that the target line 
transferring the short detection target voltage VTAR is 
electrically shorted . 
[ 0046 ] The reference voltage generator 120 may receive a 
power voltage VPOW , may generate a reference voltage 
VREF based on the power voltage VPOW , and may provide 
the reference voltage VREF to the comparison voltage 
generator 140 . In some example embodiments , the power 
voltage VPOW may be a panel power voltage VCI that is a 
power voltage for driving the display panel or a logic power 
voltage VDDI that is a power voltage for driving logic 
circuits included in the driving integrated circuit . However , 
the power voltage VPOW is not limited thereto . In an 
example embodiment , the reference voltage generator 120 
may be implemented by a buck - boost converter . In this case , 
the reference voltage generator 120 may generate the refer 
ence voltage VREF by stepping down ( i . e . , decreasing ) or 
stepping up ( i . e . , increasing ) the power voltage VPOW . In 
another example embodiment , when the reference voltage 
VREF is determined as a voltage that is higher than the 
power voltage VPOW , the reference voltage generator 120 
may be implemented by a boost converter . In this case , the 
reference voltage generator 120 may generate the reference 
voltage VREF by stepping up the power voltage VPOW . In 
still another example embodiment , when the reference volt 
age VREF is determined as a voltage that is lower than the 
power voltage VPOW , the reference voltage generator 120 
may be implemented by a buck converter . In this case , the 
reference voltage generator 120 may generate the reference 
voltage VREF by stepping down the power voltage VPOW . 
[ 0047 ] The comparison voltage generator 140 may receive 
the reference voltage VREF from the reference voltage 
generator 120 , may generate , based on the reference voltage 
VREF , a comparison voltage VCOM that is higher or lower 
than a normal state voltage of the short detection target 
voltage VTAR by a predetermined adjustment voltage , and 

may provide the comparison voltage VCOM to the voltage 
comparator 160 . Here , the normal state voltage of the short 
detection target voltage VTAR indicates the short detection 
target voltage VTAR when the target line transferring the 
short detection target voltage VTAR is not electrically 
shorted . For example , when the adjustment voltage is set to 
be 0 . 05V , the comparison voltage VCOM may be a voltage 
that is higher or lower than the normal state voltage of the 
short detection target voltage VTAR by 0 . 05V . Thus , when 
the short detection target voltage VTAR is fluctuated ( or , 
changed ) slightly by an electrical short due to particles that 
exist in the display device , the short detection circuit 100 
may accurately detect the electrical short due to the particles 
because the short detection circuit 100 detects the electrical 
short due to the particles by comparing the short detection 
target voltage VTAR with the comparison voltage VCOM . 
The adjustment voltage may be set to have various values 
according to requirements for detecting the electrical short 
due to the particles . In some example embodiments , the 
short detection target voltage VTAR may be an initialization 
voltage VINT for initializing pixel circuits of the display 
device ( e . g . , an organic light emitting display device , etc ) or 
a ladder resistor reference voltage VREG1OUT for gener 
ating gray - scale voltages of the display device . However , the 
short detection target voltage VTAR is not limited thereto . In 
an example embodiment , as illustrated in FIG . 2 , the com 
parison voltage generator 140 may include a variable resis 
tor adjusting block 142 and a variable resistor block 144 , and 
the variable resistor block 144 may include a plurality of 
variable resistors VR1 and VR2 . Although it is illustrated in 
FIG . 2 that the variable resistor block 144 includes two 
variable resistors VR1 and VR2 , the number of variable 
resistors included in the variable resistor block 144 is not 
limited thereto . The variable resistor adjusting block 142 
may output a variable resistor adjustment signal VRC to 
adjust respective resistances of the variable resistors VR1 
and VR2 . That is , the variable resistor adjusting block 142 
may control the variable resistor block 144 to output the 
comparison voltage VCOM that is higher or lower than the 
normal state voltage of the short detection target voltage 
VTAR by the adjustment voltage . The variable resistor block 
144 may perform voltage - division on the reference voltage 
VREF using the variable resistors VR1 and VR2 having the 
respective resistances that are determined by the variable 
resistor adjusting block 142 . As a result , the variable resistor 
block 144 may generate the comparison voltage VCOM that 
is higher or lower than the normal state voltage of the short 
detection target voltage VTAR by the adjustment voltage . 
Here , the respective resistances of the variable resistors VR1 
and VR2 may be determined based on the adjustment 
voltage , the reference voltage VREF , and the normal state 
voltage of the short detection target voltage VTAR for 
generating the comparison voltage VCOM . 
[ 0048 ] The voltage comparator 160 may receive the short 
detection target voltage VTAR and the comparison voltage 
VCOM and may generate a comparison result voltage VRES 
by comparing the short detection target voltage VTAR with 
the comparison voltage VCOM . In an example embodiment , 
as illustrated in FIG . 3 , the voltage comparator 160 may be 
implemented by an operational amplifier 162 . Here , the 
short detection target voltage VTAR may be input into a 
positive terminal ( i . e . , indicated by + ) of the operational 
amplifier 162 , the comparison voltage VCOM may be input 
into a negative terminal ( i . e . , indicated by - ) of the opera 
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tional amplifier 162 , and the comparison result voltage 
VRES may be output by an output terminal of the opera 
tional amplifier 162 . In this case , the comparison result 
voltage VRES may have a value generated by amplifying a 
difference between the short detection target voltage VTAR 
and the comparison voltage VCOM . Here , the value may be 
determined between a maximum driving voltage VHIGH 
supplied to the operational amplifier 162 ( e . g . , the logic 
power voltage VDDI ) and a minimum driving voltage 
VLOW ( e . g . , a ground voltage GND ) . In other words , as 
illustrated in FIG . 4 , the comparison result voltage VRES 
may be a voltage between the maximum driving voltage 
VHIGH and the minimum driving voltage VLOW . Thus , 
whether the target line transferring the short detection target 
voltage VTAR is electrically shorted may be determined 
according to where the comparison result voltage VRES 
falls among a first short range EOR - H , a non - short range 
TOR , and a second short range EOR - L . 
[ 0049 ] The short detector 180 may receive the comparison 
result voltage VRES from the voltage comparator 160 and 
may determine whether the target line transferring the short 
detection target voltage VTAR is electrically shorted based 
on the comparison result voltage VRES . Specifically , the 
short detector 180 may output a first monitoring signal 
VREP1 indicating that the target line transferring the short 
detection target voltage VTAR is not electrically shorted 
when the comparison result voltage VRES is within a 
predetermined voltage range ( i . e . , the non - short range TOR ) 
and may output a second monitoring signal VREP2 indicat 
ing that the target line transferring the short detection target 
voltage VTAR is electrically shorted when the comparison 
result voltage VRES is outside the predetermined voltage 
range . For example , the short detector 180 may use a 
register , a flag pin , etc to output the first monitoring signal 
VREP1 and the second monitoring signal VREP2 . As illus 
trated in FIG . 4 , the comparison result voltage VRES ( i . e . , 
the value generated by amplifying the difference between 
the short detection target voltage VTAR and the comparison 
voltage VCOM ) may fall into one of the first short range 
EOR - H , the second short range EOR - L , and the non - short 
range TOR . Here , when the comparison result voltage VRES 
falls into the first short range EOR - H or the second short 
range EOR - L , it may be determined that the target line 
transferring the short detection target voltage VTAR is 
electrically shorted . On the other hand , when the comparison 
result voltage VRES falls into the non - short range TOR , it 
may be determined that the target line transferring the short 
detection target voltage VTAR is not electrically shorted . 
[ 0050 ] Specifically , the non - short range TOR may be 
located between the first short range EOR - H and the second 
short range EOR - L . The short detection target voltage 
VTAR may not be changed when the target line transferring 
the short detection target voltage VTAR is not electrically 
shorted . In addition , the comparison voltage VCOM that is 
higher or lower than the normal state voltage of the short 
detection target voltage VTAR by the adjustment voltage 
may be fixed . Thus , when the target line transferring the 
short detection target voltage VTAR is not electrically 
shorted , the comparison result voltage VRES ( i . e . , the value 
generated by amplifying the difference between the short 
detection target voltage VTAR and the comparison voltage 
VCOM ) may have a constant value VOR . However , since an 
error of the comparison result voltage VRES can be caused 
by various environmental factors , the comparison result 

voltage VRES may have an error tolerance range with 
respect to the constant value VOR . Thus , the error tolerance 
range of the comparison result voltage VRES may be set as 
the non - short range TOR . The first short range EOR - H may 
be a range that is higher than the non - short range TOR . Here , 
since the operational amplifier 162 cannot output a voltage 
that is higher than the maximum driving voltage VHIGH 
supplied to the operational amplifier 162 , the first short 
range EOR - H may be located between the maximum driving 
voltage VHIGH and the non - short range TOR . The second 
short range EOR - L may be a range that is lower than the 
non - short range TOR . Here , since the operational amplifier 
162 cannot output a voltage that is lower than the minimum 
driving voltage VLOW supplied to the operational amplifier 
162 , the second short range EOR - L may be located between 
the non - short range TOR and the minimum driving voltage 
VLOW . Thus , the short detector 180 may output the first 
monitoring signal VREP1 indicating that the target line 
transferring the short detection target voltage VTAR is not 
electrically shorted when the comparison result voltage 
VRES ( i . e . , the value generated by amplifying the difference 
between the short detection target voltage VTAR and the 
comparison voltage VCOM ) falls into the non - short range 
TOR , and may output the second monitoring signal VREP2 
indicating that the target line transferring the short detection 
target voltage VTAR is electrically shorted when the com 
parison result voltage VRES falls into the first short range 
EOR - H or the second short range EOR - L . 
10051 ] In some example embodiments , when the short 
detection target voltage VTAR only decreases below the 
normal state voltage of the short detection target voltage 
VTAR according to line arrangements as the target line 
transferring the short detection target voltage VTAR is 
electrically shorted , the operational amplifier 162 of the 
voltage comparator 160 may be designed to operate as a 
comparator , the minimum driving voltage VLOW applied to 
the operational amplifier 162 of the voltage comparator 160 
may be set to be OV , and the comparison voltage VCOM 
may be set to be lower than the normal state voltage of the 
short detection target voltage VTAR . In this case , the short 
detector 180 may determine that the target line transferring 
the short detection target voltage VTAR is electrically 
shorted when the comparison result voltage VRES output 
from the voltage comparator 160 is OV . Thus , the short 
detector 180 may output the second monitoring signal 
VREP2 . On the other hand , the short detector 180 may 
determine that the target line transferring the short detection 
target voltage VTAR is not electrically shorted when the 
comparison result voltage VRES output from the voltage 
comparator 160 is not OV . Thus , the short detector 180 may 
output the first monitoring signal VREP1 . In some example 
embodiments , when the short detection target voltage VTAR 
only increases over the normal state voltage of the short 
detection target voltage VTAR according to line arrange 
ments as the target line transferring the short detection target 
voltage VTAR is electrically shorted , the operational ampli 
fier 162 of the voltage comparator 160 may be designed to 
operate as a comparator , the maximum driving voltage 
VHIGH applied to the operational amplifier 162 of the 
voltage comparator 160 may be set to be a specific voltage , 
and the comparison voltage VCOM may be set to be higher 
than the normal state voltage of the short detection target 
voltage VTAR . In this case , the short detector 180 may 
determine that the target line transferring the short detection 
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target voltage VTAR is electrically shorted when the com 
parison result voltage VRES output from the voltage com 
parator 160 is the specific voltage . Thus , the short detector 
180 may output the second monitoring signal VREP2 . On 
the other hand , the short detector 180 may determine that the 
target line transferring the short detection target voltage 
VTAR is not electrically shorted when the comparison result 
voltage VRES output from the voltage comparator 160 is not 
the specific voltage . Thus , the short detector 180 may output 
the first monitoring signal VREP1 . 
[ 0052 ] As described above , the short detection circuit 100 
may accurately detect the electrical short due to the particles 
that exist in the display device by generating the comparison 
voltage VCOM that is higher or lower than the normal state 
voltage of the short detection target voltage VTAR by the 
adjustment voltage and by comparing the short detection 
target voltage VTAR with the comparison voltage VCOM to 
determine whether the target line transferring the short 
detection target voltage VTAR is electrically shorted . In 
addition , since the short detection circuit 100 can generate 
the comparison voltage VCOM without any additional 
design change even when the short detection target voltage 
VTAR is changed ( e . g . , from the initialization voltage VINT 
to the ladder resistor reference voltage VREGIOUT ) , the 
short detection circuit 100 may select one of various volt 
ages used in the display device as the short detection target 
voltage VTAR to extensively detect the electrical short due 
to the particles . Further , the short detection circuit 100 may 
shut down at least one of the display panel , the driving 
integrated circuit , and the power supply circuit included in 
the display device if the short detection circuit 100 deter 
mines that the target line transferring the short detection 
target voltage VTAR is electrically shorted based on the first 
and second monitoring signals VREP1 and VREP2 . As a 
result , the display device including the short detection 
circuit 100 may prevent an additional damage caused by the 
electrical short due to the particles . Although the first short 
range EOR - H , the non - short range TOR , and the second 
short range EOR - L are illustrated in FIG . 4 , one or more of 
the first short range EOR - H , the non - short range TOR , and 
the second short range EOR - L may be omitted in some 
example embodiments . For example , according to lines 
adjacent to the target line transferring the short detection 
target voltage VTAR , the short detection target voltage 
VTAR may only decrease below the normal state voltage of 
the short detection target voltage VTAR or may only 
increase over the normal state voltage of the short detection 
target voltage VTAR . In this case , either the first short range 
EOR - H or the second short range EOR - L may be omitted . In 
addition , if it is unnecessary to consider the error tolerance 
range of the comparison result voltage VRES corresponding 
to the value generated by amplifying the difference between 
the short detection target voltage VTAR and the comparison 
voltage VCOM , the non - short range TOR may be omitted . 
[ 0053 ] FIG . 5 is a block diagram illustrating a short 
detection circuit according to example embodiments . 
[ 0054 ] Referring to FIG . 5 , the short detection circuit 200 
may include a comparison voltage generator 240 , a voltage 
comparator 260 , and a short detector 280 . The short detec 
tion circuit 200 may determine whether a target line trans 
ferring a short detection target voltage VTAR is electrically 
shorted and may shut down at least one of a display panel , 
a driving integrated circuit , and a power supply circuit 

included in a display device if it is determined that the target 
line transferring the short detection target voltage VTAR is 
electrically shorted . 
[ 0055 ] The comparison voltage generator 240 may receive 
a power voltage VPOW , may generate , based on the power 
voltage VPOW , a comparison voltage VCOM that is higher 
or lower than a normal state voltage of the short detection 
target voltage VTAR by a predetermined adjustment volt 
age , and may provide the comparison voltage VCOM to the 
voltage comparator 260 . In some example embodiments , the 
power voltage VPOW may be a panel power voltage VCI 
that is a power voltage for driving the display panel or a 
logic power voltage VDDI that is a power voltage for 
driving logic circuits included in the driving integrated 
circuit . However , the power voltage VPOW is not limited 
thereto . Here , the normal state voltage of the short detection 
target voltage VTAR indicates the short detection target 
voltage VTAR when the target line transferring the short 
detection target voltage VTAR is not electrically shorted . 
For example , when the adjustment voltage is set to be 0 . 05V , 
the comparison voltage VCOM may be a voltage that is 
higher or lower than the normal state voltage of the short 
detection target voltage VTAR by 0 . 05V . Thus , when the 
short detection target voltage VTAR is fluctuated ( or , 
changed ) slightly by an electrical short due to particles that 
exist in the display device , the short detection circuit 200 
may accurately detect the electrical short due to the particles 
because the short detection circuit 200 detects the electrical 
short due to the particles by comparing the short detection 
target voltage VTAR with the comparison voltage VCOM . 
The adjustment voltage may be set to have various values 
according to requirements for detecting the electrical short 
due to the particles . In some example embodiments , the 
short detection target voltage VTAR may be an initialization 
voltage VINT for initializing pixel circuits of the display 
device or a ladder resistor reference voltage VREG1OUT for 
generating gray - scale voltages of the display device . How 
ever , the short detection target voltage VTAR is not limited 
thereto . In an example embodiment , the comparison voltage 
generator 240 may include a variable resistor adjusting 
block and a variable resistor block , and the variable resistor 
block may include a plurality of variable resistors . The 
variable resistor adjusting block may output a variable 
resistor adjustment signal to adjust respective resistances of 
the variable resistors . That is , the variable resistor adjusting 
block may control the variable resistor block to output the 
comparison voltage VCOM that is higher or lower than the 
normal state voltage of the short detection target voltage 
VTAR by the adjustment voltage . The variable resistor block 
may perform voltage - division on the power voltage VPOW 
using the variable resistors having the respective resistances 
that are determined by the variable resistor adjusting block . 
As a result , the variable resistor block may generate the 
comparison voltage VCOM that is higher or lower than the 
normal state voltage of the short detection target voltage 
VTAR by the adjustment voltage . Here , the respective 
resistances of the variable resistors may be determined based 
on the adjustment voltage , the power voltage VPOW , and 
the normal state voltage of the short detection target voltage 
VTAR for generating the comparison voltage VCOM . 
[ 0056 ] The voltage comparator 260 may receive the short 
detection target voltage VTAR and the comparison voltage 
VCOM and may generate a comparison result voltage VRES 
by comparing the short detection target voltage VTAR with 
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the comparison voltage VCOM . In an example embodiment , 
the voltage comparator 260 may be implemented by an 
operational amplifier . Here , the short detection target voltage 
VTAR may be input into a positive terminal of the opera 
tional amplifier , the comparison voltage VCOM may be 
input into a negative terminal of the operational amplifier , 
and the comparison result voltage VRES may be output by 
an output terminal of the operational amplifier . In this case , 
the comparison result voltage VRES may have a value 
generated by amplifying a difference between the short 
detection target voltage VTAR and the comparison voltage 
VCOM . Here , the value may be determined between a 
maximum driving voltage supplied to the operational ampli 
fier ( e . g . , the logic power voltage VDDI ) and a minimum 
driving voltage ( e . g . , a ground voltage GND ) . In other 
words , the comparison result voltage VRES may be a 
voltage between the maximum driving voltage and the 
minimum driving voltage . Thus , whether the target line 
transferring the short detection target voltage VTAR is 
electrically shorted may be determined according to where 
the comparison result voltage VRES falls among a first short 
range , a non - short range , and a second short range . 
[ 0057 ] The short detector 280 may receive the comparison 
result voltage VRES from the voltage comparator 260 and 
may determine whether the target line transferring the short 
detection target voltage VTAR is electrically shorted based 
on the comparison result voltage VRES . Specifically , the 
short detector 280 may output a first monitoring signal 
VREP1 indicating that the target line transferring the short 
detection target voltage VTAR is not electrically shorted 
when the comparison result voltage VRES is within a 
predetermined voltage range ( i . e . , the non - short range ) and 
may output a second monitoring signal VREP2 indicating 
that the target line transferring the short detection target 
voltage VTAR is electrically shorted when the comparison 
result voltage VRES is outside the predetermined voltage 
range . For example , the short detector 280 may use a 
register , a flag pin , etc to output the first monitoring signal 
VREP1 and the second monitoring signal VREP2 . As 
described above , the comparison result voltage VRES ( i . e . , 
the value generated by amplifying the difference between 
the short detection target voltage VTAR and the comparison 
voltage VCOM ) may fall into one of the first short range , the 
second short range , and the non - short range . Here , when the 
comparison result voltage VRES falls into the first short 
range or the second short range , it may be determined that 
the target line transferring the short detection target voltage 
VTAR is electrically shorted . On the other hand , when the 
comparison result voltage VRES falls into the non - short 
range , it may be determined that the target line transferring 
the short detection target voltage VTAR is not electrically 
shorted . 
[ 0058 ] Specifically , the non - short range may be located 
between the first short range and the second short range . The 
short detection target voltage VTAR may not be changed 
when the target line transferring the short detection target 
voltage VTAR is not electrically shorted . In addition , the 
comparison voltage VCOM that is higher or lower than the 
normal state voltage of the short detection target voltage 
VTAR by the adjustment voltage may be fixed . Thus , when 
the target line transferring the short detection target voltage 
VTAR is not electrically shorted , the comparison result 
voltage VRES ( i . e . , the value generated by amplifying the 
difference between the short detection target voltage VTAR 

and the comparison voltage VCOM ) may have a constant 
value . However , since an error of the comparison result 
voltage VRES can be caused by various environmental 
factors , the comparison result voltage VRES may have an 
error tolerance range with respect to the constant value . 
Thus , the error tolerance range of the comparison result 
voltage VRES may be set as the non - short range . The first 
short range may be a range that is higher than the non - short 
range . Here , since the operational amplifier cannot output a 
voltage that is higher than the maximum driving voltage 
supplied to the operational amplifier , the first short range 
may be located between the maximum driving voltage and 
the non - short range . The second short range may be a range 
that is lower than the non - short range . Here , since the 
operational amplifier cannot output a voltage that is lower 
than the minimum driving voltage supplied to the opera 
tional amplifier , the second short range may be located 
between the non - short range and the minimum driving 
voltage . Thus , the short detector 280 may output the first 
monitoring signal VREP1 indicating that the target line 
transferring the short detection target voltage VTAR is not 
electrically shorted when the comparison result voltage 
VRES ( i . e . , the value generated by amplifying the difference 
between the short detection target voltage VTAR and the 
comparison voltage VCOM ) falls into the non - short range , 
and may output the second monitoring signal VREP2 indi 
cating that the target line transferring the short detection 
target voltage VTAR is electrically shorted when the com 
parison result voltage VRES falls into the first short range or 
the second short range . 
[ 0059 ] In some example embodiments , when the short 
detection target voltage VTAR only decreases below the 
normal state voltage of the short detection target voltage 
VTAR according to line arrangements as the target line 
transferring the short detection target voltage VTAR is 
electrically shorted , the operational amplifier of the voltage 
comparator 260 may be designed to operate as a comparator , 
the minimum driving voltage applied to the operational 
amplifier of the voltage comparator 260 may be set to be OV , 
and the comparison voltage VCOM may be set to be lower 
than the normal state voltage of the short detection target 
voltage VTAR . In this case , the short detector 280 may 
determine that the target line transferring the short detection 
target voltage VTAR is electrically shorted when the com 
parison result voltage VRES output from the voltage com 
parator 260 is OV . Thus , the short detector 280 may output 
the second monitoring signal VREP2 . On the other hand , the 
short detector 280 may determine that the target line trans 
ferring the short detection target voltage VTAR is not 
electrically shorted when the comparison result voltage 
VRES output from the voltage comparator 260 is not OV . 
Thus , the short detector 280 may output the first monitoring 
signal VREP1 . In some example embodiments , when the 
short detection target voltage VTAR only increases over the 
normal state voltage of the short detection target voltage 
VTAR according to line arrangements as the target line 
transferring the short detection target voltage VTAR is 
electrically shorted , the operational amplifier of the voltage 
comparator 260 may be designed to operate as a comparator , 
the maximum driving voltage applied to the operational 
amplifier of the voltage comparator 260 may be set to be a 
specific voltage , and the comparison voltage VCOM may be 
set to be higher than the normal state voltage of the short 
detection target voltage VTAR . In this case , the short detec 
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tor 280 may determine that the target line transferring the 
short detection target voltage VTAR is electrically shorted 
when the comparison result voltage VRES output from the 
voltage comparator 260 is the specific voltage . Thus , the 
short detector 280 may output the second monitoring signal 
VREP2 . On the other hand , the short detector 280 may 
determine that the target line transferring the short detection 
target voltage VTAR is not electrically shorted when the 
comparison result voltage VRES output from the voltage 
comparator 260 is not the specific voltage . Thus , the short 
detector 280 may output the first monitoring signal VREP1 . 
[ 0060 ] As described above , the short detection circuit 200 
may accurately detect the electrical short due to the particles 
that exist in the display device by generating the comparison 
voltage VCOM that is higher or lower than the normal state 
voltage of the short detection target voltage VTAR by the 
adjustment voltage and by comparing the short detection 
target voltage VTAR with the comparison voltage VCOM to 
determine whether the target line transferring the short 
detection target voltage VTAR is electrically shorted . In 
addition , since the short detection circuit 200 can generate 
the comparison voltage VCOM without any additional 
design change even when the short detection target voltage 
VTAR is changed ( e . g . , from the initialization voltage VINT 
to the ladder resistor reference voltage VREG1OUT ) , the 
short detection circuit 200 may select one of various volt 
ages used in the display device as the short detection target 
voltage VTAR to extensively detect the electrical short due 
to the particles . Further , the short detection circuit 200 may 
shut down at least one of the display panel , the driving 
integrated circuit , and the power supply circuit included in 
the display device if the short detection circuit 200 deter 
mines that the target line transferring the short detection 
target voltage VTAR is electrically shorted based on the first 
and second monitoring signals VREP1 and VREP2 . As a 
result , the display device including the short detection 
circuit 200 may prevent an additional damage caused by the 
electrical short due to the particles . One or more of the first 
short range , the non - short range , and the second short range 
may be omitted in some example embodiments . For 
example , according to lines adjacent to the target line 
transferring the short detection target voltage VTAR , the 
short detection target voltage VTAR may only decrease 
below the normal state voltage of the short detection target 
voltage VTAR or may only increase over the normal state 
voltage of the short detection target voltage VTAR . In this 
case , either the first short range or the second short range 
may be omitted . In addition , if it is unnecessary to consider 
the error tolerance range of the comparison result voltage 
VRES corresponding to the value generated by amplifying 
the difference between the short detection target voltage 
VTAR and the comparison voltage VCOM , the non - short 
range may be omitted . 
[ 0061 ] FIG . 6 is a block diagram illustrating a display 
device according to example embodiments . FIG . 7 is a 
flowchart illustrating a process in which the display device 
of FIG . 6 prevents an additional damage caused by an 
electrical short due to particles . FIG . 8 is a flowchart 
illustrating a process in which the display device of FIG . 6 
detects an electrical short due to particles . FIG . 9 is a 
flowchart illustrating a process in which the display device 
of FIG . 6 determines whether an electrical short due to 
particles occurs . 

[ 0062 ] Referring to FIGS . 6 through 9 , the display device 
500 may include a display panel 510 , a driving integrated 
circuit 520 , a power supply circuit 530 , and a short detection 
circuit 540 . For example , the display device 500 may be an 
organic light emitting display ( OLED ) device or a liquid 
crystal display ( LCD ) device . However , the display device 
500 is not limited thereto . 
[ 0063 ] The display panel 510 may include a plurality of 
pixel circuits . Here , the pixel circuits may be arranged in a 
matrix form in the display panel 510 . The driving integrated 
circuit 520 may drive the display panel 510 . For this 
operation , the display panel may be connected to the driving 
integrated circuit 520 via various lines . Specifically , the 
driving integrated circuit 520 may include a scan driver , a 
data driver , a timing controller , etc . In this case , the display 
panel 510 may be connected to the scan driver via scan - lines 
and may be connected to the data driver via data - lines . The 
scan driver may provide a scan signal to the display panel 
510 via the scan - lines . The data driver may provide a data 
signal to the display panel 510 via the data - lines . In some 
example embodiments , when the display device 500 is an 
organic light emitting display device having an emission 
control function , the driving integrated circuit 520 may 
further include an emission control driver , and the display 
panel 510 may be connected to the emission control driver 
via emission control - lines . In this case , the emission control 
driver may provide an emission control signal to the display 
panel 510 via the emission control - lines . The timing con 
troller may generate a plurality of control signals to control 
the scan driver , the data driver , the emission control driver , 
etc . The power supply circuit 530 may supply various 
voltages for operations of the display device 500 . In other 
words , the power supply circuit 530 may generate various 
voltages including a short detection target voltage and a 
power voltage supplied to the display panel 510 and the 
driving integrated circuit 520 . The short detection circuit 
540 may determine whether a target line transferring the 
short detection target voltage is electrically shorted and may 
shut down at least one of the display panel 510 , the driving 
integrated circuit 520 , and the power supply circuit 530 if it 
is determined that the target line transferring the short 
detection target voltage is electrically shorted . That is , as 
illustrated in FIG . 7 , when the short detection circuit 540 
detects an electrical short due to particles that exist in the 
display device 500 ( S120 ) , the short detection circuit 540 
may shut down at least one of the display panel 510 , the 
driving integrated circuit 520 , and the power supply circuit 
530 ( S140 ) . Thus , the display device 500 including the short 
detection circuit 540 may prevent an additional damage 
caused by the electrical short due to the particles . Here , the 
short detection target voltage may be an initialization volt 
age VINT for initializing the pixel circuits of the display 
device 500 or a ladder resistor reference voltage 
VREGIOUT for generating gray - scale voltages of the dis 
play device 500 . However , the short detection target voltage 
for detecting the electrical short due to the particles that exist 
in the display device 500 is not limited thereto . 
[ 0064 ] As described above , the short detection circuit 540 
may accurately detect the electrical short due to the particles 
that exist in the display device 500 by generating a com 
parison voltage that is higher or lower than a normal state 
voltage of the short detection target voltage by a predeter 
mined adjustment voltage and by comparing the short detec 
tion target voltage with the comparison voltage to determine 
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whether the target line transferring the short detection target 
voltage is electrically shorted . That is , as illustrated in FIG . 
8 , the short detection circuit 540 may select one of various 
voltages for operations of the display device 500 as the short 
detection target voltage ( i . e . , a voltage transferred by a line 
having the potential to be electrically shorted ) ( S220 ) , may 
generate the comparison voltage that is higher or lower than 
the normal state voltage of the short detection target voltage 
by the adjustment voltage ( S240 ) , may generate the com 
parison result voltage by comparing the short detection 
target voltage with the comparison voltage ( S260 ) , and may 
determine whether the target line transferring the short 
detection target voltage is electrically shorted based on the 
comparison result voltage ( S280 ) . Here , as illustrated in 
FIG . 9 , after the short detection circuit 540 generates the 
comparison result voltage ( S320 ) , the short detection circuit 
540 may determine whether the comparison result voltage is 
within a predetermined voltage range ( i . e . , a non - short 
range ) ( S340 ) . Here , when the comparison result voltage is 
within the voltage range , the short detection circuit 540 may 
determine that the target line transferring the short detection 
target voltage is not electrically shorted ( S360 ) . Thus , the 
short detection circuit 540 may output a first monitoring 
signal indicating that the target line transferring the short 
detection target voltage is not electrically shorted . On the 
other hand , when the comparison result voltage is outside 
the voltage range , the short detection circuit 540 may 
determine that the target line transferring the short detection 
target voltage is electrically shorted ( S380 ) . Thus , the short 
detection circuit 540 may output a second monitoring signal 
indicating that the target line transferring the short detection 
target voltage is electrically shorted . As the short detection 
circuit 540 outputs the second monitoring signal , the short 
detection circuit 540 may shut down at least one of the 
display panel 510 , the driving integrated circuit 520 , and the 
power supply circuit 530 . As a result , an additional damage 
caused by the electrical short due to the particles that exist 
in the display device 500 may be prevented . 
[ 0065 ] In an example embodiment , the short detection 
circuit 540 may include a reference voltage generator that 
generates the reference voltage based on the power voltage , 
a comparison voltage generator that generates , based on the 
reference voltage , the comparison voltage that is higher or 
lower than the normal state voltage of the short detection 
target voltage by the adjustment voltage , a voltage compara 
tor that generates the comparison result voltage by compar 
ing the short detection target voltage with the comparison 
voltage , and a short detector that determines whether the 
target line transferring the short detection target voltage is 
electrically shorted based on the comparison result voltage . 
In some example embodiments , the power voltage may be a 
panel power voltage VCI or a logic power voltage VDDI . 
However , the power voltage is not limited thereto . In an 
example embodiment , the reference voltage generator may 
be implemented by a buck - boost converter . Thus , the refer 
ence voltage generator may generate the reference voltage 
by stepping up or down the power voltage . In another 
example embodiment , when the reference voltage is only to 
be higher than the power voltage , the reference voltage 
generator may be implemented by a boost converter . Thus , 
the reference voltage generator may generate the reference 
voltage by stepping up the power voltage . In still another 
example embodiment , when the reference voltage is only to 
be lower than the power voltage , the reference voltage 

generator may be implemented by a buck converter . Thus , 
the reference voltage generator may generate the reference 
voltage by stepping down the power voltage . In an example 
embodiment , the comparison voltage generator may include 
a variable resistor adjusting block and a variable resistor 
block , and the variable resistor block may include a plurality 
of variable resistors . Thus , the comparison voltage generator 
may generate the comparison voltage by performing volt 
age - division on the reference voltage using the variable 
resistors . In an example embodiment , the voltage compara 
tor may be implemented by an operational amplifier . Here , 
the short detection target voltage may be input into a positive 
terminal of the operational amplifier , the comparison voltage 
may be input into a negative terminal of the operational 
amplifier , and the comparison result voltage may be output 
by an output terminal of the operational amplifier . In an 
example embodiment , the short detector may output a first 
monitoring signal indicating that the target line transferring 
the short detection target voltage is not electrically shorted 
when the comparison result voltage is within a predeter 
mined voltage range , and may output a second monitoring 
signal indicating that the target line transferring the short 
detection target voltage is electrically shorted when the 
comparison result voltage is outside the voltage range . Thus , 
as the short detector outputs the second monitoring signal , at 
least one of the display panel 510 , the driving integrated 
circuit 520 , and the power supply circuit 530 may be shut 
down . On the other hand , as the short detector outputs the 
first monitoring signal , the short detection target voltage 
may continue to be monitored . 
[ 0066 ] In another example embodiment , the short detec 
tion circuit 540 may include a comparison voltage generator 
that generates , based on the power voltage , the comparison 
voltage that is higher or lower than the normal state voltage 
of the short detection target voltage by the adjustment 
voltage , a voltage comparator that generates the comparison 
result voltage by comparing the short detection target volt 
age with the comparison voltage , and a short detector that 
determines whether the target line transferring the short 
detection target voltage is electrically shorted based on the 
comparison result voltage . The short detection circuit 540 of 
this embodiment directly generates the comparison voltage 
using the power voltage supplied from the power supply 
circuit 530 . That is , the short detection circuit 540 of this 
embodiment does not generate the reference voltage for 
generating the comparison voltage . In some example 
embodiments , the power voltage may be a panel power 
voltage VCI or a logic power voltage VDDI . However , the 
power voltage is not limited thereto . In an example embodi 
ment , the comparison voltage generator may include a 
variable resistor adjusting block and a variable resistor 
block , and the variable resistor block may include a plurality 
of variable resistors . Thus , the comparison voltage generator 
may generate the comparison voltage by performing volt 
age - division on the power voltage using the variable resis 
tors . In an example embodiment , the voltage comparator 
may be implemented by an operational amplifier . Here , the 
short detection target voltage may be input into a positive 
terminal of the operational amplifier , the comparison voltage 
may be input into a negative terminal of the operational 
amplifier , and the comparison result voltage may be output 
by an output terminal of the operational amplifier . In an 
example embodiment , the short detector may output a first 
monitoring signal indicating that the target line transferring 
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the short detection target voltage is not electrically shorted 
when the comparison result voltage is within a predeter 
mined voltage range , and may output a second monitoring 
signal indicating that the target line transferring the short 
detection target voltage is electrically shorted when the 
comparison result voltage is outside the voltage range . Thus , 
as the short detector outputs the second monitoring signal , at 
least one of the display panel 510 , the driving integrated 
circuit 520 , and the power supply circuit 530 may be shut 
down . On the other hand , as the short detector outputs the 
first monitoring signal , the short detection target voltage 
may continue to be monitored . In brief , the display device 
500 including the short detection circuit 540 may prevent the 
additional damage caused by the electrical short due to the 
particles by shutting down at least one of the display panel 
510 , the driving integrated circuit 520 , and the power supply 
circuit 530 when the electrical short due to the particles 
occurs . 
[ 0067 ] FIG . 10 is a block diagram illustrating an electronic 
device according to example embodiments . FIG . 11 is a 
diagram illustrating an example in which the electronic 
device of FIG . 10 is implemented as a television . FIG . 12 is 
a diagram illustrating an example in which the electronic 
device of FIG . 10 is implemented as a smart phone . 
[ 0068 ] Referring to FIGS . 10 through 12 , the electronic 
device 1000 may include a processor 1010 , a memory device 
1020 , a storage device 1030 , an input / output ( 1 / 0 ) device 
1040 , a power supply 1050 , and a display device 1060 . Here , 
the display device 1060 may correspond to the display 
device 500 of FIG . 6 . In addition , the electronic device 1000 
may further include a plurality of ports for communicating 
with a video card , a sound card , a memory card , a universal 
serial bus ( USB ) device , other electronic devices , etc . In an 
example embodiment , as illustrated in FIG . 11 , the elec 
tronic device 1000 may be implemented as a television . In 
another example embodiment , as illustrated in FIG . 12 , the 
electronic device 1000 may be implemented as a smart 
phone . However , the electronic device 1000 is not limited 
thereto . For example , the electronic device 1000 may be 
implemented as a cellular phone , a video phone , a smart pad , 
a smart watch , a tablet PC , a car navigation system , a 
computer monitor , a laptop , a head mounted display ( HMD ) , 

memory ( SRAM ) device , a mobile DRAM device , etc . The 
storage device 1030 may include a solid state drive ( SSD ) 
device , a hard disk drive ( HDD ) device , a CD - ROM device , 
etc . The I / O device 1040 may include an input device such 
as a keyboard , a keypad , a mouse device , a touchpad , a 
touch - screen , etc and an output device such as a printer , a 
speaker , etc . The power supply 1050 may provide power for 
operations of the electronic device 1000 . 
[ 0070 ] The display device 1060 may be coupled to other 
components via the buses or other communication links . In 
some example embodiments , the display device 1060 may 
be included in the I / O device 1040 . As described above , the 
display device 1060 may prevent an additional damage 
caused by an electrical short due to particles that exist in the 
display device 1060 by shutting down at least one of a 
display panel , a driving integrated circuit , and a power 
supply circuit included in the display device 1060 when the 
electrical short due to the particles occurs . To this end , the 
display device 1060 may include the display panel that 
includes a plurality of pixel circuits , the driving integrated 
circuit that drives the display panel , the power supply circuit 
that generates a short detection target voltage and a power 
voltage supplied to the display panel and the driving inte 
grated circuit , and a short detection circuit that determines 
whether a target line transferring the short detection target 
voltage is electrically shorted and shuts down at least one of 
the display panel , the driving integrated circuit , and the 
power supply circuit if it is determined that the target line 
transferring the short detection target voltage is electrically 
shorted . Here , the short detection circuit may accurately 
detect the electrical short due to the particles by generating 
a comparison voltage that is higher or lower than a normal 
state voltage of the short detection target voltage by a 
predetermined adjustment voltage and by comparing the 
short detection target voltage with the comparison voltage to 
determine whether the target line transferring the short 
detection target voltage is electrically shorted . In an example 
embodiment , the short detection circuit may include a ref 
erence voltage generator that generates a reference voltage 
based on the power voltage , a comparison voltage generator 
that generates , based on the reference voltage , the compari 
son voltage that is higher or lower than the normal state 
voltage of the short detection target voltage by the adjust 
ment voltage , a voltage comparator that generates a com 
parison result voltage by comparing the short detection 
target voltage with the comparison voltage , and a short 
detector that determines whether the target line transferring 
the short detection target voltage is electrically shorted 
based on the comparison result voltage . In another example 
embodiment , the short detection circuit may include a com 
parison voltage generator that generates , based on the power 
voltage , the comparison voltage that is higher or lower than 
the normal state voltage of the short detection target voltage 
by the adjustment voltage , a voltage comparator that gen 
erates a comparison result voltage by comparing the short 
detection target voltage with the comparison voltage , and a 
short detector that determines whether the target line trans 
ferring the short detection target voltage is electrically 
shorted based on the comparison result voltage . Since these 
are described above , duplicated description will not be 
repeated . 
[ 0071 ] The present inventive concept may be applied to a 
display device and an electronic device including the display 
device . For example , the present inventive concept may be 

etc . 
[ 0069 ] The processor 1010 may perform various comput 
ing functions . The processor 1010 may be a micro processor , 
a central processing unit ( CPU ) , an application processor 
( AP ) , etc . The processor 1010 may be coupled to other 
components via an address bus , a control bus , a data bus , etc . 
Further , the processor 1010 may be coupled to an extended 
bus such as a peripheral component interconnection ( PCI ) 
bus . The memory device 1020 may store data for operations 
of the electronic device 1000 . For example , the memory 
device 1020 may include at least one non - volatile memory 
device such as an erasable programmable read - only memory 
( EPROM ) device , an electrically erasable programmable 
read - only memory ( EEPROM ) device , a flash memory 
device , a phase change random access memory ( PRAM ) 
device , a resistance random access memory ( RRAM ) 
device , a nano floating gate memory ( NFGM ) device , a 
polymer random access memory ( PORAM ) device , a mag 
netic random access memory ( MRAM ) device , a ferroelec 
tric random access memory ( FRAM ) device , etc , and / or at 
least one volatile memory device such as a dynamic random 
access memory ( DRAM ) device , a static random access 
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applied to a cellular phone , a smart phone , a video phone , a 
smart pad , a smart watch , a tablet PC , a car navigation 
system , a television , a computer monitor , a laptop , a head 
mounted display , etc . 
[ 0072 ] The foregoing is illustrative of example embodi 
ments and is not to be construed as limiting thereof . 
Although a few example embodiments have been described , 
those skilled in the art would readily appreciate that many 
modifications are possible in the example embodiments 
without materially departing from the novel teachings and 
advantages of the present inventive concept . Accordingly , all 
such modifications are intended to be included within the 
scope of the present inventive concept as defined in the 
claims . Therefore , it is to be understood that the foregoing 
is illustrative of various example embodiments and is not to 
be construed as limited to the specific example embodiments 
disclosed , and that modifications to the disclosed example 
embodiments , as well as other example embodiments , are 
intended to be included within the scope of the appended 
claims . 
What is claimed is : 
1 . A short detection circuit comprising : 
a reference voltage generator configured to generate a 

reference voltage based on a power voltage ; 
a comparison voltage generator configured to generate a 

comparison voltage that is higher or lower than a 
normal state voltage of a short detection target voltage 
by a predetermined adjustment voltage based on the 
reference voltage ; 

a voltage comparator configured to generate a comparison 
result voltage by comparing the short detection target 
voltage with the comparison voltage ; and 

a short detector configured to determine whether a target 
line transferring the short detection target voltage is 
electrically shorted based on the comparison result 
voltage . 

2 . The circuit of claim 1 , wherein the reference voltage 
generator is implemented by a buck - boost converter , and the 
buck - boost converter generates the reference voltage by 
stepping down or up the power voltage . 

3 . The circuit of claim 2 , wherein the power voltage is a 
panel power voltage or a logic power voltage . 

4 . The circuit of claim 1 , wherein the comparison voltage 
generator generates the comparison voltage by performing 
voltage - division on the reference voltage using a plurality of 
variable resistors . 

5 . The circuit of claim 1 , wherein the voltage comparator 
is implemented by an operational amplifier , the short detec 
tion target voltage is input into a positive terminal of the 
operational amplifier , the comparison voltage is input into a 
negative terminal of the operational amplifier , and the com 
parison result voltage is output by an output terminal of the 
operational amplifier . 

6 . The circuit of claim 1 , wherein the short detector 
outputs a first monitoring signal indicating that the target 
line is not electrically shorted in response to determining 
that the comparison result voltage is within a predetermined 
voltage range , and 

wherein the short detector outputs a second monitoring 
signal indicating that the target line is electrically 
shorted in response to determining that the comparison 
result voltage is outside the voltage range . 

7 . A short detection circuit comprising : 
a comparison voltage generator configured to generate a 

comparison voltage that is higher or lower than a 
normal state voltage of a short detection target voltage 
by a predetermined adjustment voltage based on a 
power voltage ; 

a voltage comparator configured to generate a comparison 
result voltage by comparing the short detection target 
voltage with the comparison voltage ; and 

a short detector configured to determine whether a target 
line transferring the short detection target voltage is 
electrically shorted based on the comparison result 
voltage . 

8 . The circuit of claim 7 , wherein the comparison voltage 
generator generates the comparison voltage by performing 
voltage - division on the power voltage using a plurality of 
variable resistors . 

9 . The circuit of claim 7 , wherein the voltage comparator 
is implemented by an operational amplifier , the short detec 
tion target voltage is input into a positive terminal of the 
operational amplifier , the comparison voltage is input into a 
negative terminal of the operational amplifier , and the com 
parison result voltage is output by an output terminal of the 
operational amplifier . 

10 . The circuit of claim 7 , wherein the short detector 
outputs a first monitoring signal indicating that the target 
line is not electrically shorted in response to determining 
that the comparison result voltage is within a predetermined 
voltage range , and 

wherein the short detector outputs a second monitoring 
signal indicating that the target line is electrically 
shorted in response to determining that the comparison 
result voltage is outside the voltage range . 

11 . A display device comprising : 
a display panel including a plurality of pixel circuits ; 
a driving integrated circuit configured to drive the display 

panel ; 
a power supply circuit configured to generate a short 

detection target voltage and a power voltage supplied to 
the display panel and the driving integrated circuit ; and 

a short detection circuit configured to determine whether 
a target line transferring the short detection target 
voltage is electrically shorted and to shut down at least 
one selected from the display panel , the driving inte 
grated circuit , and the power supply circuit in response 
to determining that the target line is electrically shorted . 

12 . The device of claim 11 , wherein the short detection 
circuit includes : 

a reference voltage generator configured to generate a 
reference voltage based on the power voltage ; 

a comparison voltage generator configured to generate a 
comparison voltage that is higher or lower than a 
normal state voltage of the short detection target volt 
age by a predetermined adjustment voltage based on 
the reference voltage ; 

a voltage comparator configured to generate a comparison 
result voltage by comparing the short detection target 
voltage with the comparison voltage ; and 

a short detector configured to determine whether the 
target line is electrically shorted based on the compari 
son result voltage . 

13 . The device of claim 12 , wherein the power voltage is 
a panel power voltage or a logic power voltage , and 
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wherein the reference voltage generator is implemented 
by a buck - boost converter , and the buck - boost con 
verter generates the reference voltage by stepping down 
or up the power voltage . 

14 . The device of claim 12 , wherein the comparison 
voltage generator generates the comparison voltage by per 
forming voltage - division on the reference voltage using a 
plurality of variable resistors . 

15 . The device of claim 12 , wherein the voltage com 
parator is implemented by an operational amplifier , the short 
detection target voltage is input into a positive terminal of 
the operational amplifier , the comparison voltage is input 
into a negative terminal of the operational amplifier , and the 
comparison result voltage is output by an output terminal of 
the operational amplifier . 

16 . The device of claim 12 , wherein the short detector 
outputs a first monitoring signal indicating that the target 
line is not electrically shorted in response to determining 
that the comparison result voltage is within a predetermined 
voltage range , and 

wherein the short detector outputs a second monitoring 
signal indicating that the target line is electrically 
shorted in response to determining that the comparison 
result voltage is outside the voltage range . 

17 . The device of claim 11 , wherein the short detection 
circuit includes : 

a comparison voltage generator configured to generate a 
comparison voltage that is higher or lower than a 

normal state voltage of the short detection target volt 
age by a predetermined adjustment voltage based on 
the power voltage ; 

a voltage comparator configured to generate a comparison 
result voltage by comparing the short detection target 
voltage with the comparison voltage ; and 

a short detector configured to determine whether the 
target line is electrically shorted based on the compari 
son result voltage . 

18 . The device of claim 17 , wherein the comparison 
voltage generator generates the comparison voltage by per 
forming voltage - division on the power voltage using a 
plurality of variable resistors . 

19 . The device of claim 17 , wherein the voltage com 
parator is implemented by an operational amplifier , the short 
detection target voltage is input into a positive terminal of 
the operational amplifier , the comparison voltage is input 
into a negative terminal of the operational amplifier , and the 
comparison result voltage is output by an output terminal of 
the operational amplifier . 

20 . The device of claim 17 , wherein the short detector 
outputs a first monitoring signal indicating that the target 
line is not electrically shorted in response to determining 
that the comparison result voltage is within a predetermined 
voltage range , and 

wherein the short detector outputs a second monitoring 
signal indicating that the target line is electrically 
shorted in response to determining that the comparison 
result voltage is outside the voltage range . 

* * * * * 


